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INTRODUCTION
It is important to have high-quality semen because the quality of spermatozoa is positively correlated with fertility in bovines (Garner et al., 1997) . Most of the methods used for evaluating the quality of semen, such as supravital staining [eosin and nigrosin (E+N) test] and the hypoosmotic swelling test (HOST) are subjective in nature and can easily be influenced by the experience of the analyst (McNiven et al., 1992) . In contrast, computer-assisted analysis of spermatozoa requires special instruments and software, which provide rapid and objective evaluation of the semen quality. However, these techniques are expensive and sometimes not readily available on an average breeding farm. Therefore, it becomes imperative to look for other techniques that may be inexpensive, objective, and easily performed without the assistance of expensive, sophisticated instruments.
Various analytical techniques have been developed to evaluate the quality of spermatozoa in bovines. Among others, assessment of the metabolic status of spermatozoa is one of the techniques that can provide valuable information regarding the characteristics of spermatozoa. The reduction activity of spermatozoa depends on the ability of metabolically active spermatozoa to reduce specific stains. The ability of spermatozoa to reduce the resazurin redox dye (Foote, 1999; Zrimsek et al., 2004) and the methylene blue dye (Chandler et al., 2000) has been used to evaluate semen quality in boars and bulls, respectively. Yellow 3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide (MTT), a water-soluble tetrazolium salt dye, is converted to water-insoluble purple formazan by the succinate dehydrogenase system of an active mitochondria by the reductive cleavage of its tetrazolium ring (Slater et al., 1963) . Thus, the amount of formazan formed can be determined spectrophotometrically and can serve as an estimate of the number of active mitochondria, and hence the viable cells, in a sample (Denizot and Lang, 1986; Song et al., 2007) .
The MTT assay has been evaluated successfully in different animal species (Aziz et al., 2005; Aziz, 2006; Byun et al., 2008) , whereas literature pertaining to the use of this technique for buffalo semen is still lacking. Therefore, we evaluated the viability of buffalo spermatozoa using the MTT reduction assay and compared Assessment of buffalo semen with the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide reduction assay 
MATERIALS AND METHODS
All the procedures involving animal handling were undertaken as approved by the Animal Care Committee, University of Veterinary and Animal Sciences, Lahore, Pakistan.
Nili-Ravi buffalo bulls, maintained at the Semen Production Unit, Qadirabad, Punjab, Pakistan, were used in the study. The bulls were routinely used for collection of semen, which was supplied to various AI centers throughout Punjab, Pakistan. The breeding bulls (n = 25) were divided into 2 age groups. The age of group A bulls (n = 14) was approximately 5 yr (62.6 ± 1.0 mo), whereas the bulls in group B (n = 11) ranged in age from 6 to 8 yr (86.4 ± 1.9 mo). The circumference of both testes of the breeding buffalo bulls was recorded. The experimental bulls were maintained under naturally prevailing climatic conditions, with free access to drinking water. Each bull was fed seasonal green fodder (berseem) and wheat straw.
Semen Collection and Evaluation
Before semen collection, each experimental bull was given sufficient time for sexual arousal with 1 to 2 false mounts. Two ejaculates were collected from each bull at 1 semen collection by using an artificial vagina. The 2 ejaculates from each animal were pooled and divided into aliquots. After determining the ejaculate volume and concentration of spermatozoa in each semen sample, motility, percentages of live and dead spermatozoa using the E+N test, plasma membrane integrity of spermatozoa using the HOST, and the MTT reduction assay of each ejaculate were determined. For each variable, 3 observations were made and their average was counted as a single data point.
Motility
A drop from each of undiluted semen was placed on prewarmed (37°C) glass slide. After placing a coverslip, the percentage motility of spermatozoa was assessed under a phase-contrast microscope at 40× (Khan and Ijaz, 2008) .
Spermatozoa Viability (E+N Test)
To determine the viability of spermatozoa, a drop of the semen sample was mixed with a larger drop of the eosin (1%; Merck, Darmstadt, Germany) and nigrosin (5%; Merck) stains on a prewarmed slide with an applicator stick, and a thin smear was made with another slide (Khan and Ijaz, 2008) . After air-drying, the smear was observed under a phase-contrast microscope (40×) for unstained heads of the spermatozoa (live) and stained or partially stained heads of the spermatozoa (dead). A total of 200 spermatozoa were counted to determine the percentage of live and dead spermatozoa. The mean of 3 observations was considered a single data point.
HOST
Plasma membrane integrity of fresh spermatozoa was assessed using a HOST assay, as described earlier (Adeel et al., 2009; Ijaz et al., 2009) . Briefly, the hypoosmotic solution was prepared by dissolving 0.735 g of sodium citrate and 1.351 g of fructose in 100 mL of distilled water (osmotic pressure = 190 mOsm/kg). For the assay, 50 µL of semen was mixed with 500 µL of the prewarmed (37°C) HOST solution and incubated at 37°C for 45 min. Two slides of each sample were prepared and examined under a phase-contrast microscope (40×). Two hundred spermatozoa were microscopically counted per sample, and the number of spermatozoa showing characteristic swelling of the tail, an indication of an intact plasma membrane, was recorded.
MTT Reduction Assay
The MTT assay was performed according to the method of Mosmann (1983) . The semen samples were diluted using a PBS solution to obtain a concentration of 30 × 10 6 spermatozoa/mL. Six wells of the 96-well microplate were used. One hundred microliters of semen sample plus 10 µL of MTT stock solution (5 mg/ mL of MTT in PBS) was placed in each well. Six replicates of each collection were placed in 6 different wells of the same plate. The rates of MTT reduction were recorded immediately and after incubation at 37°C for 1 h (Naser-Esfahani et al., 2002; Aziz, 2006 ) using a spectrophotometer (MS2 Reader, Titertec Plus-MS2 Reader, ICN Biomedical, Basingstoke, UK) at a wavelength of 550 nm. The MTT reduction rate (change in optical density) for each sample was calculated by calculating the difference between the first and second reading of the spectrophotometer.
Statistical Analysis
A statistical program (SPSS Inc., Chicago, IL) was used for data analysis. The Kolmogorov-Smirnov test was used to test the normal distribution of the data. Results were expressed as means ± SE. Pearson correlation coefficients and regression analysis were used to evaluate the efficacy of the MTT assay for assessing sperm viability of the buffalo semen. An independent Student t-test was used to compare the means between 2 groups for each variable. A probability value of P < 0.05 was considered to be significant.
RESULTS
The mean volume of semen collected was greater (P < 0.05) in bulls from group A (7.42 ± 0.51) compared Assessment of buffalo semen with those from group B (5.19 ± 0.65). However, the concentration of spermatozoa (578.3 ± 33.2 vs. 638.9 ± 70.7 millions/mL) and the testes circumference of the bulls (34.74 ± 0.17 vs. 34.40 ± 0.35 cm) were similar (P > 0.05) in both groups. There was no difference between the 2 groups for the remaining variables recorded. Data were therefore pooled for both groups (n = 25) for subsequent analyses. The mean percentages of live spermatozoa for motility, the E+N test, the HOST, and the MTT assay were 72.2 ± 0.4, 69.1 ± 0.6, 59.4 ± 0.8, and 75.5 ± 1.5, respectively. After incubation of the semen samples for 1 h, a regression equation of the relationship between the MTT reduction rate and the percentage of viable spermatozoa was calculated that was later used to determine the viability of the spermatozoa based on the other diagnostic tests. Optical density was correlated (r = 0.979; P < 0.001) with the percentage of viable spermatozoa. Results also showed no significant relationship (P > 0.05) between the MTT reduction rate and the percentage of viable spermatozoa as determined by either the E+N test (r = −0.25), the HOST, (r = −0.12) or the percentage of motility (r = −0.15). The distribution of the experimental breeding bulls based on the various percentages of viable spermatozoa as determined by different diagnostic tests is provided in Table 1 . Most of the animals exhibited 60 to 80% viable spermatozoa in all the tests conducted. However, the MTT assay was able to determine more than 90% viable spermatozoa in 2 bulls (Table 1) .
DISCUSSION
The data generated in this trial provide evidence of a relationship between MTT reduction and semen quality. Different tests have been developed for the differentiation and selection of viable spermatozoa (World Health Organization, 1992) . Some of the tests have only a diagnostic value, such as dye exclusion tests, whereas others have a more clinical application, such as the HOST. Dye exclusion tests, such as the E+N test, are based on cell membrane permeability. Therefore, the viable spermatozoa remain colorless, whereas nonviable spermatozoa stain red. However, in the HOST, the spermatozoa are exposed to a hypoosmotic condition; thus, an influx of water results in the swelling of the cytoplasmic spaces, causing curling of viable sperm tail fibers (Hossain et al., 1998) . Therefore, we investigated the diagnostic value of the MTT assay to select viable spermatozoa in Nili-Ravi buffalo bulls and compared it with the motility of spermatozoa, the E+N test, and the HOST. Mosmann (1983) used MTT tetrazolium salt to assess the cellular viability, proliferation, and cytotoxicity of lymphocytes. Additionally, the MTT assay has been used in many studies to evaluate the viability of different cells (Carmichael et al., 1987; Campling et al., 1988; Freimoser et al., 1999) .
This study provides new information on the MTT assay for sperm viability testing in Nili-Ravi buffalo bulls. Formation of MTT formazan granules or spikes around the midpiece of spermatozoa showed that mitochondria contain a succinate dehydrogenase system that converts MTT to formazan. The presence of formazan granules in the midpiece region identifies the viability of spermatozoa. Results indicated a strong correlation between the MTT reduction rate and the viability of spermatozoa. A strong correlation between MTT and the viability of spermatozoa has also been found in bovines (Aziz, 2006) , stallions (Aziz et al., 2005) , boars (Byun et al., 2008) , fowl (Hazary et al., 2001) , and humans (Naser-Esfahani et al., 2002) . The MTT reduction rate in this trial was determined after 1 h of incubation, which was shorter than the method of Mosmann (1983) . This seems logical because spermatozoa are very active cells and contain more mitochondria than lymphocytes. Therefore, less time may be needed for reduction of the dye. A similar observation was also noted for bovine (Aziz, 2006) and equine (Aziz et al., 2005) semen analysis, for which the optimal time for formazan reading was 1 h. Naser-Esfahani et al. (2002) found that the optimal time for formazan reading was between 1.5 and 2.5 h after the addition of spermatozoa to MTT.
The E+N test and the HOST are based on the functional aspects and integrity of spermatozoa, whereas the MTT test is based on the mitochondrial activity of spermatozoa; therefore, a significant correlation coefficient was expected between these tests. However, no significant relationship was observed between the MTT In the present study, partially stained spermatozoa (heads) were also counted as dead. The partial staining of spermatozoa may indicate partial, rather than full, functional defects in plasma membrane while still containing viable mitochondria. These cells might have reduced the dye, resulting in a poor correlation between the MTT assay and the E+N test. The lack of correlation between the MTT assay and the HOST might also be due to the nature of the HOST. During the HOST, hypoosmotic shock induces membrane damage and therefore increases the percentage of false-positive spermatozoa, which means that the percentage of dead spermatozoa is actually greater than the displayed value (Ramirez et al., 1992) . We suggest that the MTT assay can be used to evaluate the quality of spermatozoa in Nili-Ravi buffalo bulls. Additionally, this test can determine the spermatozoa having more than 90% viability that cannot be observed using other traditional tests. This characteristic may be exploited to increase the insemination doses of semen. In conclusion, the MTT assay was found to be a reliable test for the evaluation of semen in buffalo bulls and can be used successfully in routine analysis, in which practical aspects such as time, cost, and practicability are important.
